The present work studies the torsional instability of an elastic structure due to hydrodynamic loads into the water current. The structure applied here is a rectangular flat plate with an elastic axis in its midchord length. The elasticity in the structure is provided by torsion spring. The flat plate has only one degree of freedom which is rotation in pure yaw about its axis. Through the free vibration experiments, it is observed that as the current speed exceeds a critical velocity, the flat plate becomes unstable. Two different chord lengths are tested and the instability occurs for a chord base range of Reynolds number, 0.75 10 5 Re 1.5 10 5 . As a result of the instability, the flat plate begins to yaw about the elastic axis. The hydrodynamic moment acting on the flat plate is modeled by means of the flutter derivatives. As an identification technique to extract flutter derivatives, a curve fitting scheme called General LeastSquare (GLS) theory is applied on the results of the free vibration experiments. The results confirm that the structure becomes dynamically unstable due to the hydrodynamic moment applied on it beyond the critical velocity. The super-critical Hopf bifurcation is also discussed in the light of the analysis. K eywor ds: Torsional instability, Free vibration experiments, Flutter derivative, General least-square (GLS) theory, Super-critical hopf bifurcation.
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I NTRODUCTI ON
Flow-induced instabilities of elastic structures are of big importance in various engineering areas, mostly due to their destructive effects. As an example of the damage caused by flow-induced instabilities, one may refer to Tacoma Narrows Bridge collapse, in 1940. However, they can be driven into a controlled motion and be used to extract energy from the flow, becoming an alternative approach for wind and current power generation systems [1, 2] . Taking that into consideration, dynamical approaches on the fluid-induced forces and moments might be of interest.
Generally, the flow-induced forces and moments in flow-induced instabilities vary with time (and hence with the frequency of oscillation) due to the motion of the structures, unlike the case for vortex-induced vibration which does not depend on the structural motion [3] . As a result, the frequency-domain approach is widely used to model these forces and moments, by means of some frequency dependent coefficients known as flutter derivatives [4] . There are two different methods to identify flutter derivatives; analytical methods and experimental techniques. Analytical methods are based on the unsteady inviscid theory [5] , wherein an attached flow is assumed. However, in cases where the flow typically separates from the leading edge this approach is no longer useful, hence experimental techniques supersede.
Experimental techniques developed to extract flutter derivatives are based on forced vibration and free vibration of the elastic structure [6] . Through the forced vibration experiments a prescribed motion is forced on the structure, whereas in the free vibration experiments the structure's motion is allowed to be driven by the fluid-structure interaction. In each test, then, the structure's motion is captured, and flutter derivatives are calculated by measuring the captured motion.
A frequency-domain approach is employed in this study to model the flow-induced instability of an elastic structure. The elastic structure is a flat plate with an elastic axis in its mid-chord length. The flat plate is located into the water current and has only one degree of freedom which is rotation in pure yaw about its elastic axis. The hydrodynamic loads on the same structure have been described through the work of other investigators [7, 8] . The elasticity is provided by attaching a torsion spring to the flat plate. As observed through experiments, in the still water, any disturbance on the flat plate will decay as a result of the energy dissipation due to the structural damping. However, if the current speed exceeds a critical velocity, the structural damping term is balanced and the flat plate becomes unstable.
Through this study, the torsional instability of the flat plate due to hydrodynamic loads is observed, during the free vibration experiments conducted in the water cur-
